Analysis of the benefits of Regenerative Braking in Urban Railway Traction System by Adnan, Khan M
City University of New York (CUNY) 
CUNY Academic Works 
Dissertations and Theses City College of New York 
2018 
Analysis of the benefits of Regenerative Braking in Urban Railway 
Traction System 
Khan M. Adnan 
CUNY City College 
How does access to this work benefit you? Let us know! 
More information about this work at: https://academicworks.cuny.edu/cc_etds_theses/898 
Discover additional works at: https://academicworks.cuny.edu 





Department of Electrical Engineering 
Grove School of Engineering 
CUNY City College 
New York, USA 
Analysis of the benefits of Regenerative Braking in Urban 




Submitted in partial fulfillment of the requirements for the degree 
 














Prof. Ahmed Mohamed, Thesis Advisor 
 
 
Prof. Roger Dorsinville, Chair Dept. of Electrical Engineering 
 
 
ANALYSIS OF THE BENEFITS OF REGENERATIVE BRAKING IN URBAN 
RAILWAY TRACTION SYSTEM 
KHAN M. ADNAN 
DEPARTMENT OF ELECTRICAL ENGINEERING 
PROFESSOR AHMED MOHAMED 
 
ABSTRACT 
Increasing environmental awareness and the requirement for lower project costs is forcing transit system 
suppliers to think more innovatively and engineer more accurately to strengthen their competitive edge. 
Of late, clients more often desire a system that is optimized to minimize the energy consumed during 
operation; a requirement that is often imposed upon transit system suppliers through financially binding 
energy commitments. 
 
Electric rail transit systems are large consumers of energy. In trains with regenerative braking capability, 
a fraction of the energy used to power a train is regenerated during braking. This regenerated energy, if 
recuperated and reused, can result in economic as well as technical merits. One of the ways that this could 
be achieved is with the implementation of Wayside Energy Storage System (WESS). In addition to 
reducing energy consumption, energy storage systems can be operated to regulate system voltage levels, 
provide backup power in the event of a utility power outage, and relieve demand on the utility during the 
costlier operating periods.  
 
This dissertation presents a stacked-benefits analysis of regenerative energy and wayside energy storage 
for New York City Transit (NYCT), and examines how the electric utility and the transit system can 
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1.0 INTRODUCTION 
In recent years the need to reduce global energy consumption and CO2 emissions in the environment, has 
been involved even in the railways sector, aimed at the highly competitive concept of new 
vehicles/transportation systems. The requirements hoped by the operating companies are increasingly 
focused on products with advanced features in terms of energy and environmental impact.  
Most new transit systems feature regenerative braking. During regenerative braking, a vehicle’s control 
circuitry permits its motors to be operated as generators which convert the mechanical braking energy to 
electrical energy. This feature allows the energy to be fed back to the system through the third rail or 
catenary. Therefore, energy produced by a braking train will be consumed by a concurrently accelerating 
nearby train. However, if there is no energy-demanding train in the vicinity, this energy will be lost as 
heat through onboard or wayside resistor banks. Receptivity is a measure of how effectively the system 
can transfer energy from one train to another with minimal loss.  
Wayside energy storage (WESS) is capable of storing potentially lost braking energy and recycling it 
back to the system, thus increasing the system receptivity. In addition to reducing energy consumption, 
energy storage systems can be operated to regulate system voltage levels, provide backup power in the 
event of a utility power outage, and relieve demand on the utility during the costlier operating periods. 
This paper aims to fill the gap in the technical literature and deals with improving the energy efficiency of 
New York City Transit (NYCT) system by proposing recuperation and reuse of regenerative braking 
energy with the implementation of wayside energy storage. Stacked-benefits analysis is presented for both 
the transit system and the electric utility. 
1.1 Thesis Structure 
The thesis is structured as follows: 
Chapter One – In this chapter, after a brief introduction which lays the framework and the purpose of the 
research, the goal of the thesis is articulated. The concept of energy efficiency with regenerative braking 
is also introduced in this section to provide the reader with a better understanding of the subject. 
Chapter Two – Chapter two outlines the assumptions and methodology used for the study. 
Chapter Three – This chapter outlines the possible benefits of regenerative braking energy and WESS for 
the transit system. 
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Chapter Four – This chapter outlines the possible benefits of energy storage for the electric utility. 
Chapter Five – This final chapter talks about conclusion and potential future work. 
1.2 Energy Efficiency with Regenerative Braking  
Energy efficiency is an issue of growing relevance for the competitive position of railway companies but 
thanks to the current technologies, regenerative braking appears to be a very promising solution to reduce 
the energy consumption of electrified urban transport networks, as schematically depicted in Figure 1-1. 
Figure 1-1 Schematic Representation of Regenerative Energy 
 
Usually in regenerative braking, the recovered energy is primarily used to supply the auxiliary and 
comfort functions of the vehicle itself. However, in DC electrified rail networks, which are the most 
commonly used urban rail systems, the regenerated energy is not always accepted by the system if 
substations work in one power quadrant and is hence wasted. This is because the system is, as is 
commonly said, “unreceptive.” In fact, the network receptivity can be defined as the ratio of the total 
energy returned to the line over the potential energy that could be regenerated in the braking process. 
The effective ability of the power supply network to receive the recovered energy cannot be given for 
certain, mainly because of the significant randomness of the relevant parameters: the amount of recovered 
energy depends on the service frequency, train power profile, electric network configuration, rolling 
stock, line voltage, track profile, length of feed sections, and train auxiliary power consumption. By 
bearing in mind that the potential energy recovery strongly depends on the track profile (track gradients in 
particular) and frequency of the stops, and consequently it is fixed for every single system, an immediate 
operational method to improve the line receptivity is to increase the number of trains accelerating and 
braking simultaneously. Note that this assumes that the energy is provided to another vehicle in the 
vicinity, in the same electrical supply section, which only occurs if this vehicle is accelerating. Because 
there are limits to the increase in the frequency of circulating vehicles, related essentially to their 
headways, this situation is infrequent and often the remaining braking energy is dissipated by the braking 
(or ballast) rheostat or by mechanical braking. 
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Some techniques have been proposed to maximize the use of the regenerated energy and consequently 
minimize the use of on-board braking resistors. These improve the receptivity by making the energy 
interchange between vehicles easier (e.g., demanding energy while the braking energy occurs), by 
returning the regenerated energy to the utility supply grid, or by storing it in appropriate dedicated 
locations for later release. 
The first approach, as said before, is related to the system operation and is based on traffic control, both at 
the individual vehicle level (e.g., train performance control in terms of speed and acceleration profiles and 
energy-efficient driving strategies) and at the fleet level (optimized scheduled timetables, coordination of 
individual cinematic profiles), along with on-line centralized traffic regulation. 
The second option consists of equipping the traction substations with DC/AC inverters (inverting, 
reversible, or active substations), in order to pump back the regenerated energy into the primary supply 
network. A reversible substation may either use thyristor-based rectifiers or active front ends, which have 
the additional feature of grid harmonics suppression. The greatest advantage of this option is that the 
primary AC network is naturally receptive and, as a result, all the regenerated energy may be potentially 
recovered. Conversely, the main drawback of this approach is related to the large cost of new equipment 
and the strong impact on the layout of existing substations. 
The installation of energy storage devices both on-board the vehicle and at the traction substation or along 
the track, makes the supply network system perform better by combining the requirements of energy 
saving and comfort. Storage technologies and control schemes for ESS are constantly being improved 
under the influence of hybrid and pure electrical vehicles, which is leading to new possibilities for the 
railway sector. 
Figure 1-2 Strategies for Maximizing Regenerative Braking Energy 
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The benefits are not only reductions in the total energy consumption, power peak, and demand, but 
voltage regulation, energy and power compensation, and the possibility for light railway vehicles to be 
independent of an external power supply. Some locations on the rail path cannot be electrified for 
aesthetic reasons, such as a city center, square, or tracks passing historical buildings, or where it is 
difficult to install overhead wires, such as on bridges, underground sections, and in tunnels. The summary 
diagram shown in Figure 1-2, gives an immediate idea of the strategies already described.  
As already mentioned, regarding the ESS implementation, two options are possible: 
• Mobile ESS (or so called on-board ESS), which consists of onboard ESS usually located on the 
vehicle roof. Every system works independently, and the recovered energy is directly sent to the 
storage system placed on the vehicle. When the vehicle accelerates, energy is used in priority 
from the ESS to propel the vehicle. This principle is illustrated in Figure 1-3; 
• Stationary ESS (or also wayside ESS), consisting of one or several ESS placed at the feeding 
substation or along the tracks. These devices recover the excess energy when no other vehicle is 
receptive. The principle is shown in Figure 1-4. 
Figure 1-3 Schematic Operation of on-board ESS 
 
 
Figure 1-4 Schematic Operation of Stationary ESS 
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2.0 STUDY ASSUMPTIONS AND METHODOLOGY 
The study focused on the MTA 7-line passenger stations near the Corona Yard switching station as shown 
in Figure 2-1 below. Regenerative braking energy produced from the following five stations – Main Street 
Flushing, Mets-Willets Point, 111 Street, 103 St-Corona Plaza and Junction Blvd stations were calculated 
based on the train schedule on an hourly basis for a period of 24-hours. 
Figure 2-1 Study Area Geographic Map 
 
 
Table 2-1 and Table 2-2 below shows the average hourly calculated regenerative braking energy for a 
weekday and weekend based on the train schedule for the five stations.  
Table 2-1 Average Hourly Energy Availabe for Weekday 
Hourly Count of Trip No. 
Sum of KWh 
Energy Available 
SB 7 Trip @ 
Flushing Main St 
Sum of KWh 
Energy Available 
SB 7 Trip @ Mets 
Willet St 
Sum of KWh 
Energy 
Available SB 7 
Trip @ 111 St 
Sum of KWh 
Energy Available 
SB 7 Trip @ 104 
Street 
Sum of KWh 
Energy Available 
SB 7 Trip @ 
Junction Blvd 
1 9 65.27 65.27 65.27 65.27 65.27 
2 7 50.76 50.76 50.76 50.76 50.76 
3 6 43.51 43.51 43.51 43.51 43.51 
4 7 50.76 50.76 50.76 50.76 50.76 
5 7 50.76 50.76 50.76 50.76 50.76 
6 12 87.02 87.02 87.02 87.02 87.02 
7 36 203.06 239.32 203.06 203.06 203.06 
8 40 217.56 290.08 217.56 217.56 217.56 
9 40 217.56 290.08 217.56 217.56 217.56 
10 40 224.81 290.08 224.81 224.81 224.81 
11 25 181.30 181.30 181.30 181.30 181.30 
12 24 174.05 174.05 174.05 174.05 174.05 
13 24 174.05 174.05 174.05 174.05 174.05 
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Hourly Count of Trip No. 
Sum of KWh 
Energy Available 
SB 7 Trip @ 
Flushing Main St 
Sum of KWh 
Energy Available 
SB 7 Trip @ Mets 
Willet St 
Sum of KWh 
Energy 
Available SB 7 
Trip @ 111 St 
Sum of KWh 
Energy Available 
SB 7 Trip @ 104 
Street 
Sum of KWh 
Energy Available 
SB 7 Trip @ 
Junction Blvd 
14 24 174.05 174.05 174.05 174.05 174.05 
15 24 159.54 159.54 159.54 174.05 174.05 
16 28 152.29 152.29 152.29 203.06 203.06 
17 29 145.04 145.04 145.04 210.31 210.31 
18 31 174.05 174.05 174.05 224.81 224.81 
19 29 159.54 159.54 159.54 210.31 210.31 
20 31 166.80 166.80 166.80 224.81 210.31 
21 32 166.80 166.80 166.80 232.06 232.06 
22 31 188.55 188.55 188.55 224.81 224.81 
23 26 188.55 188.55 188.55 188.55 188.55 
24 18 130.54 130.54 130.54 130.54 130.54 
 
Table 2-2 Average Hourly Energy Available for Weekend 
Hourly Count of Trip No. 
Sum of KWh 
Energy Available 
SB 7 Trip @ 
Flushing Main St 
Sum of KWh 
Energy Available 
SB 7 Trip @ Mets 
Willet St 
Sum of KWh 
Energy 
Available SB 7 
Trip @ 111 St 
Sum of KWh 
Energy Available 
SB 7 Trip @ 104 
Street 
Sum of KWh 
Energy Available 
SB 7 Trip @ 
Junction Blvd 
1 8 58.02 58.02 58.02 58.02 58.02 
2 7 50.76 50.76 50.76 50.76 50.76 
3 6 43.51 43.51 43.51 43.51 43.51 
4 7 50.76 50.76 50.76 50.76 50.76 
5 6 39.89 39.89 39.89 39.89 39.89 
6 8 54.39 54.39 54.39 54.39 54.39 
7 16 116.03 116.03 116.03 116.03 116.03 
8 20 145.04 145.04 145.04 145.04 145.04 
9 22 155.92 155.92 155.92 155.92 155.92 
10 22 155.92 155.92 155.92 155.92 155.92 
11 20 141.41 141.41 141.41 141.41 141.41 
12 19 134.16 134.16 134.16 134.16 134.16 
13 19 134.16 134.16 134.16 134.16 134.16 
14 20 141.41 141.41 141.41 141.41 141.41 
15 21 148.67 148.67 148.67 148.67 148.67 
16 23 166.80 166.80 166.80 166.80 166.80 
17 23 166.80 166.80 166.80 166.80 166.80 
18 23 166.80 166.80 166.80 166.80 166.80 
19 23 166.80 166.80 166.80 166.80 166.80 
20 23 163.17 163.17 163.17 163.17 163.17 
21 19 134.16 134.16 134.16 134.16 134.16 
22 15 108.78 108.78 108.78 108.78 108.78 
23 13 94.28 94.28 94.28 94.28 94.28 
24 14 97.90 97.90 97.90 97.90 97.90 
 
Sections below outline the possible benefits of this regenerative braking energy available from these five 
stations with the implementation of wayside energy storage. The calculations are based on the numbers 
shown in the tables above. 
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3.0 TRANSIT SYSTEM – POSSIBLE BENEFITS  
This section outlines the possible benefits of regenerative braking energy with WESS for the transit 
system. 
3.1 Energy Savings with Con Edison’s Time-of-Use Rates 
Con Edison offers time-of-use rates for its where its customers would pay less during off-peak periods 
that they would under normal standard rates, and more during peak and summer peak times. Table 3-1 
below shows Con Edison Standard and Time of Delivery rates for its business customers.  
Table 3-1 Con Edison Standard and Time of Delivery Rates 
  Peak Off-Peak 
Hours 8 a.m. to 10 p.m. 10 p.m. to 8 a.m. and all day on weekends 
TIME-OF-USE DELIVERY RATES     
June 1 to Sept 30 29.38 cents/kWh 1.08 cents/kWh 
All other months 14.47 cents/kWh 1.08 cents/kWh 
STANDARD DELIVERY RATES     
June 1 to Sept 30 12.46 cents/kWh 12.46 cents/kWh 
All other months 10.46 cents/kWh 10.46 cents/kWh 
 
The time-of-use rates could be utilized by the transit system for its cost savings on utility charges. For 
simplicity and ease of calculation, numbers in Table 3-2 below will be used. It shows the average hourly 
regenerative braking energy available for a day (includes both weekday and weekend), and is calculated 
using the numbers in Table 2-1 and Table 2-2 above.  
Table 3-2 Average Hourly Energy Available 
Hourly Count of Trip No. 
Sum of KWh 
Energy Available 
SB 7 Trip @ 
Flushing Main St 
Sum of KWh 
Energy Available 
SB 7 Trip @ Mets 
Willet St 
Sum of KWh 
Energy 
Available SB 7 
Trip @ 111 St 
Sum of KWh 
Energy Available 
SB 7 Trip @ 104 
Street 
Sum of KWh 
Energy Available 
SB 7 Trip @ 
Junction Blvd 
1 9 63.20 63.20 63.20 63.20 63.20 
2 7 50.76 50.76 50.76 50.76 50.76 
3 6 43.51 43.51 43.51 43.51 43.51 
4 7 50.76 50.76 50.76 50.76 50.76 
5 7 47.66 47.66 47.66 47.66 47.66 
6 11 77.70 77.70 77.70 77.70 77.70 
7 30 178.19 204.09 178.19 178.19 178.19 
8 34 196.84 248.64 196.84 196.84 196.84 
9 35 199.95 251.75 199.95 199.95 199.95 
10 35 205.13 251.75 205.13 205.13 205.13 
11 24 169.90 169.90 169.90 169.90 169.90 
12 23 162.65 162.65 162.65 162.65 162.65 
13 23 162.65 162.65 162.65 162.65 162.65 
14 23 164.72 164.72 164.72 164.72 164.72 
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Hourly Count of Trip No. 
Sum of KWh 
Energy Available 
SB 7 Trip @ 
Flushing Main St 
Sum of KWh 
Energy Available 
SB 7 Trip @ Mets 
Willet St 
Sum of KWh 
Energy 
Available SB 7 
Trip @ 111 St 
Sum of KWh 
Energy Available 
SB 7 Trip @ 104 
Street 
Sum of KWh 
Energy Available 
SB 7 Trip @ 
Junction Blvd 
15 23 156.44 156.44 156.44 166.80 166.80 
16 27 156.44 156.44 156.44 192.70 192.70 
17 27 151.26 151.26 151.26 197.88 197.88 
18 29 171.98 171.98 171.98 208.24 208.24 
19 27 161.62 161.62 161.62 197.88 197.88 
20 29 165.76 165.76 165.76 207.20 196.84 
21 28 157.47 157.47 157.47 204.09 204.09 
22 26 165.76 165.76 165.76 191.66 191.66 
23 22 161.62 161.62 161.62 161.62 161.62 
24 17 121.21 121.21 121.21 121.21 121.21 
 
Table 3-3 below shows a comparison of savings that could be achieved with the regenerative braking 
energy. From the table it can be seen that even though savings using standard rates is little more from 
October to May, the savings is significantly more with the time-of-use rates from June to September.   
Table 3-3 Average Daily Energy Savings from Regenerative Braking 
Hour kWh Standard Rate Jun-Sep Savings ($) 
Time-of-Use Rate 
Jun-Sep Savings ($) 
Standard Rate Oct-
May Savings ($) 
Time-of-Use Rate 
Oct-May Savings ($) 
Hour 0008 1036.00 129.09 304.38 108.37 149.91 
Hour 0009 1051.54 131.02 308.94 109.99 152.16 
Hour 0010 1072.26 133.60 315.03 112.16 155.16 
Hour 0011 849.52 105.85 249.59 88.86 122.93 
Hour 0012 813.26 101.33 238.94 85.07 117.68 
Hour 0013 813.26 101.33 238.94 85.07 117.68 
Hour 0014 823.62 102.62 241.98 86.15 119.18 
Hour 0015 802.90 100.04 235.89 83.98 116.18 
Hour 0016 854.70 106.50 251.11 89.40 123.68 
Hour 0017 849.52 105.85 249.59 88.86 122.93 
Hour 0018 932.40 116.18 273.94 97.53 134.92 
Hour 0019 880.60 109.72 258.72 92.11 127.42 
Hour 0020 901.32 112.30 9.73 94.28 9.73 
Hour 0021 880.60 109.72 9.51 92.11 9.51 
Hour 0022 880.60 109.72 9.51 92.11 9.51 
Hour 0023 808.08 100.69 8.73 84.53 8.73 
Hour 0024 606.06 75.52 6.55 63.39 6.55 
Hour 0001 315.98 39.37 3.41 33.05 3.41 
Hour 0002 253.82 31.63 2.74 26.55 2.74 
Hour 0003 217.56 27.11 2.35 22.76 2.35 
Hour 0004 253.82 31.63 2.74 26.55 2.74 
Hour 0005 238.28 29.69 2.57 24.92 2.57 
Hour 0006 388.50 48.41 4.20 40.64 4.20 
Hour 0007 916.86 114.24 9.90 95.90 9.90 
Total 17441.06 2,173.16 3,238.98 1,824.33 1,631.75 
 
Table 3-4 show the possible energy savings for a year with this scenario with the assumption that there 
are 120 days from June 1 to September 30. 
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Table 3-4 Average Yearly Energy Savings from Regenerative Braking 
Hour kWh Standard Rate Jun-Sep Savings ($) 
Time-of-Use Rate 
Jun-Sep Savings ($) 
Standard Rate Oct-
May Savings ($) 
Time-of-Use Rate 
Oct-May Savings ($) 
Hour 0008 378140 15491 36526 26551 36728 
Hour 0009 383812 15722 37073 26948 37279 
Hour 0010 391375 16032 37804 27479 38014 
Hour 0011 310075 12702 29951 21771 30118 
Hour 0012 296840 12160 28673 20842 28832 
Hour 0013 296840 12160 28673 20842 28832 
Hour 0014 300621 12314 29038 21107 29199 
Hour 0015 293059 12005 28307 20575 28464 
Hour 0016 311966 12780 30133 21903 30302 
Hour 0017 310075 12702 29951 21771 30118 
Hour 0018 340326 13942 32873 23895 33055 
Hour 0019 321419 13166 31046 22567 31218 
Hour 0020 328982 13476 1168 23099 2384 
Hour 0021 321419 13166 1141 22567 2330 
Hour 0022 321419 13166 1141 22567 2330 
Hour 0023 294949 12083 1048 20710 2139 
Hour 0024 221212 9062 786 15531 1605 
Hour 0001 115333 4724 409 8097 835 
Hour 0002 92644 3796 329 6505 671 
Hour 0003 79409 3253 282 5576 576 
Hour 0004 92644 3796 329 6505 671 
Hour 0005 86972 3563 308 6105 630 
Hour 0006 141803 5809 504 9957 1029 
Hour 0007 334654 13709 1188 23496 2426 
Total 6365987 260,779 388,679 446,963 399,784 
 
From the table above, the average yearly energy savings with time-of-use rate is $788,462 which is much 
than that with standard rates which is $707,743. 
With the implementation of energy storage and considering Time-of-Use rates, energy savings could be 
maximized by storing all the energy produced during off-peak hours and using those saved energy during 
peak-hours. Table 3-5 and Table 3-6 below show the possible average daily and yearly maximized energy 
savings. 
Table 3-5 Average Daily Maximized Energy Savings from Regenerative Braking 
 kWh Standard Rate Jun-Sep Savings ($) 
Time-of-Use Rate 
Jun-Sep Savings ($) 
Standard Rate Oct-
May Savings ($) 
Time-of-Use Rate 
Oct-May Savings ($) 
Total 17441.06 2,173.16 5,124.18 1,824.33 2,523.72 
 
Table 3-6 Average Yearly Maximized Energy Savings from Regenerative Braking 
 kWh Standard Rate Jun-Sep Savings ($) 
Time-of-Use Rate 
Jun-Sep Savings ($) 
Standard Rate Oct-
May Savings ($) 
Time-of-Use Rate 
Oct-May Savings ($) 
Total 6365987 260,779 614,902 446,962 618,312 
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From the table above, the average yearly energy savings with time-of-use rate is $1,233,214 which is 
much more than that with standard rates which is $707,743. 
Table 3-7 below show potential cost savings due to reduced energy consumption under a range of 
electricity prices with electricity cost escalated at 2.4% per year. 
Table 3-7 Potential Cost Savings under a Range of Electricity Prices 
  Savings ($) 
Cost Year  Year  Year  Year  Year  
($/kWh) 1 5 10 15 20 
0.05      317,427      1,665,169      3,539,984      5,650,837      8,027,446  
0.10      634,855      3,330,339      7,079,967    11,301,673    16,054,892  
0.15      952,282      4,995,508    10,619,951    16,952,510    24,082,337  
0.20   1,269,709      6,660,678    14,159,934    22,603,346    32,109,783  
0.25   1,587,136      8,325,847    17,699,918    28,254,183    40,137,229  
0.30   1,904,564      9,991,017    21,239,901    33,905,020    48,164,675  
0.35   2,221,991    11,656,186    24,779,885    39,555,856    56,192,121  
0.40   2,539,418    13,321,355    28,319,868    45,206,693    64,219,567  
0.45   2,856,846    14,986,525    31,859,852    50,857,529    72,247,012  
0.50   3,174,273    16,651,694    35,399,836    56,508,366    80,274,458  
 
3.2 Peak Reduction Savings  
Figure 3-1 below shows the effect of Peak power saving on the Flushing area load without the 
implementation of energy storage. As the peak load conditions occur at 8pm the corresponding load 
shaving could be up to 0.97 MW. 
Figure 3-1 Peak Power Comparison without Energy Storage 
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Table 3-8 below shows potential cost savings due to reduced peak power demand under a range of 
electricity prices with electricity cost escalated at 2.4% per year. 
Table 3-8 Potential Cost Savings under a Range of Electricity Prices 
  Savings ($) 
Cost Year  Year  Year  Year  Year  
($/kWh) 1 5 10 15 20 
5  1,746,000   9,159,218   19,471,581   31,082,270   44,154,743  
10  3,492,000   18,318,436   38,943,162   62,164,539   88,309,485  
15  5,238,000   27,477,655   58,414,743   93,246,809   132,464,228  
20  6,984,000   36,636,873   77,886,325   124,329,079   176,618,971  
25  8,730,000   45,796,091   97,357,906   155,411,348   220,773,714  
30  10,476,000   54,955,309   116,829,487   186,493,618   264,928,456  
35  12,222,000   64,114,528   136,301,068   217,575,888   309,083,199  
40  13,968,000   73,273,746   155,772,649   248,658,157   353,237,942  
45  15,714,000   82,432,964   175,244,230   279,740,427   397,392,684  
50  17,460,000   91,592,182   194,715,812   310,822,696   441,547,427  
 
This could significantly be improved with the use of energy storage. Figure 3-2 below shows the effect of 
Peak power saving on the Flushing area load with the implementation of energy storage. As the peak load 
conditions occur from 7pm to 10pm the corresponding load shaving could be up to 4.69 MW for each of 
the four hours. 
 
Figure 3-2 Peak Power Comparison without Energy Storage 
 
Table 3-9 below shows potential cost savings due to reduced peak power demand under a range of 
electricity prices with electricity cost escalated at 2.4% per year and energy storage. 
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Table 3-9 Potential Cost Savings under a Range of Electricity Prices 
  Savings ($) 
Cost Year  Year  Year  Year  Year  
($/kWh) 1 5 10 15 20 
5  8,442,000   44,285,292   94,146,099   150,284,376   213,490,457  
10  16,884,000   88,570,584   188,292,197   300,568,752   426,980,914  
15  25,326,000   132,855,877   282,438,296   450,853,128   640,471,371  
20  33,768,000   177,141,169   376,584,395   601,137,504   853,961,828  
25  42,210,000   221,426,461   470,730,493   751,421,880   1,067,452,285  
30  50,652,000   265,711,753   564,876,592   901,706,255   1,280,942,742  
35  59,094,000   309,997,046   659,022,690   1,051,990,631   1,494,433,199  
40  67,536,000   354,282,338   753,168,789   1,202,275,007   1,707,923,657  
45  75,978,000   398,567,630   847,314,888   1,352,559,383   1,921,414,114  
50  84,420,000   442,852,922   941,460,986   1,502,843,759   2,134,904,571  
 
3.3 Technical Merits 
Besides energy savings there some technical merits of regenerative braking energy and WESS. 
Voltage Management: traditionally, voltage management is pursued using load-tap changers and capacitor 
banks. Feeders with high DER penetrations require fast voltage control devices. Energy storage (ES) 
inverters can provide voltage regulation services to mitigate overvoltage and voltage variation concerns 
Provide Reliability Benefits: When deployed for providing reliability benefits, ES will discharge to 
support the connected loads during an outage, thus decreasing both the Customer Average Interruption 
Frequency Index (CAIFI) and the Customer Average Interruption Duration Index (CAIDI). 
Demand Charge Management: The demand charge is a billing mechanism used to recover the cost of 
providing a transmission and distribution service to commercial customers. The demand charge for a 
month is calculated based on the largest peak demand recorded over the month. ES systems are deployed 
to decrease the monthly peak load demand and decrease the total customer demand charge. 
3.4 NYSERDA’s Value of Distributed Energy Resources (VDER) 
NEM (net metering) has been effective at growing NY’s Distributed Generation (DG) market, however, 
it’s a blunt method for valuing distributed energy resources (VDER). Time and location of generation are 
not considered in compensation structure. As part of Reforming the Energy Vision (REV), NYS is 
transitioning away from net energy metering (NEM), and New York States’ Public Service Commission 
(PSC) released VDER Orders to start this transition. Shown below are the technologies that will be 
impacted: 
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• Solar PV, Wind, Hydro, Farm Waste Generation, and Fuel Cells up to 2 MW AC (expects to 
move towards a maximum project size of 5 MW by 2018) 
• Combined Heat and Power (CHP) up to 10kW AC 
• National Grid, NYSEG, Central Hudson, Orange and Rockland, Con Edison, Rochester Gas & 
Electric 
3.4.1 Project Types  
These are the following project types that are being considered for VDER: 
• Large-scale onsite: projects for commercial customers with demand billing or mandatory hourly 
pricing (MHP) 
• Remote net metering (RNM): off-site projects of nonresidential customers; credits are used to 
offset use at remote meters 
• Community Distributed Generation (CDG) or Community Solar: off-site projects located behind 
a nonresidential host meter that provide bill credits to subscribed members 
3.4.2 Value Stack  
Available for most commercial/industrial projects moving forward. The Value Stack consists of several 
elements representing the value of a kWh to the grid and the environment. Some elements are time and 
location sensitive. kWh produced in congested parts of the grid during peak demand time will be paid 
more and Community Distributed Generation (CDG) projects will receive an additional item Market 
Transition Credit (MTC) to better align compensation with NEM/retail rates 
• Applies to projects not eligible for NEM or Phase One NEM 
• Must have advanced utility meter capable of measuring hourly electric exports and imports 
• Monetary crediting only. Customers will see a dollar credit on their bill 
• Compensation is based on electricity delivered to the grid (not consumed onsite) on an hourly 
basis 
• Projects receiving the Value Stack will have a compensation term of 25 years, then receive 
compensation structure then in effect 
• Excess dollar credits will carry over to next billing periods 
Shown below are some components of value stack: 
• Energy (LBMP) - the current wholesale energy price, changes hourly  
• Capacity (ICAP) - similar to the capacity credit currently provided under NEM, changes monthly 
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• Environmental benefits (“E”) - project’s rate is locked in for 25 years. Certain CDG projects can 
take a non-tradable REC instead 
• Avoided demand (“D” or “DRV”) - based on amount system will reduce distribution grid’s peak 
demand 
• LSRV (locational system relief value) - locational adder for some projects 
• MTC (market transition credit) - additional element for CDG or mass market opt-in, given in 
place of “DRV” 
VDER compensates projects based on when and where they provide electricity to the grid. To determine a 
project’s revenue under VDER, NYSERDA created a stack calculator that combines the wholesale price 
of energy with the distinct elements of DER that benefit the grid: the avoided carbon emissions, the cost 
savings to customers and utilities, and other savings from avoiding expensive capital investments. 
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4.0 ELECTRIC UTILITY – POSSIBLE BENEFITS  
This section focuses on the possible impacts and benefits of the regenerative braking energy and wayside 
energy storage on the electrical distribution network.  
4.1 Steady State Analysis 
Steady state analysis was conducted to determine the impacts of recuperating and reusing regenerative 
braking (“Project”) energy from the five stations, as discussed in section 2, on the surrounding electrical 
distribution system network. The analysis without any regenerative braking energy was performed first, 
followed by the analysis with the Project to identify the incremental impact of the Project. 
To model the surrounding area distribution system network, the study utilized IEEE 30-bus Standard Test 
Feeder system, as shown in Figure 4-1 below, and 2017 Con Edison Flushing area load profile was used.   
Figure 4-1 IEEE 30-Bus Standard Test Feeder 
 
 
Figure 4-2 Flushing Area Load Profile 
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The calculated regenerative braking energy for the five stations were injected to the bus 24, bus 26 and 
bus 29 of the IEEE 30-bus Standard Test Feeder system as shown in the table Table 4-1 below and a 24-
hour power flow simulation was performed using Matlab Matpower to develop a comparative assessment 
of the system with and without the Project and also evaluated the impact of the Project on the distribution 
system network. 
Table 4-1 Change in Load due to Regenerative Braking Energy 
Hour Bus 24 - Change in Load (MW) 
Bus 26 - Change 
in Load (MW) 
Bus 29 - Change 
in Load (MW) 
1 -0.1305 -0.0653 -0.1305 
2 -0.1015 -0.0508 -0.1015 
3 -0.0870 -0.0435 -0.0870 
4 -0.1015 -0.0508 -0.1015 
5 -0.1015 -0.0508 -0.1015 
6 -0.1740 -0.0870 -0.1740 
7 -0.4424 -0.2031 -0.4061 
8 -0.5076 -0.2176 -0.4351 
9 -0.5076 -0.2176 -0.4351 
10 -0.5149 -0.2248 -0.4496 
11 -0.3626 -0.1813 -0.3626 
12 -0.3481 -0.1740 -0.3481 
13 -0.3481 -0.1740 -0.3481 
14 -0.3481 -0.1740 -0.3481 
15 -0.3191 -0.1595 -0.3481 
16 -0.3046 -0.1523 -0.4061 
17 -0.2901 -0.1450 -0.4206 
18 -0.3481 -0.1740 -0.4496 
19 -0.3191 -0.1595 -0.4206 
20 -0.3336 -0.1668 -0.4351 
21 -0.3336 -0.1668 -0.4641 
22 -0.3771 -0.1886 -0.4496 
23 -0.3771 -0.1886 -0.3771 
24 -0.2611 -0.1305 -0.2611 
 
4.1.1 Thermal Results 
Table 4-2 below shows the change in branch loading for branches near the study area due to the Project. 
The complete set of results for all the branches for both the before Project and after Project scenarios can 
be found in Appendix A.  
Table 4-2 Change in Branch Loading 
Hour Bus 15 - 23 Bus 22 - 24 Bus 23 - 24 Bus 24 - 25 Bus 25 - 26 Bus 27 - 29 Bus 6 - 28 
1 0.2672 0.4147 -0.3789 0.3220 -0.3366 -0.5780 0.2958 
2 0.2184 0.3451 -0.2944 0.2498 -0.2520 -0.4455 0.2632 
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Hour Bus 15 - 23 Bus 22 - 24 Bus 23 - 24 Bus 24 - 25 Bus 25 - 26 Bus 27 - 29 Bus 6 - 28 
3 0.1933 0.3086 -0.2521 0.2137 -0.2090 -0.3788 0.2366 
4 0.2297 0.3676 -0.2940 0.2491 -0.2390 -0.4397 0.2814 
5 0.2317 0.3717 -0.2939 0.2489 -0.2361 -0.4383 0.2836 
6 0.3969 0.6298 -0.5039 0.4266 -0.4095 -0.7533 0.4866 
7 0.9477 1.4087 -1.2387 0.9479 -1.0120 -1.7815 1.1336 
8 1.0244 1.4673 -1.3854 0.9729 -1.1150 -1.9220 1.1828 
9 0.9869 1.3859 -1.3869 0.9753 -1.1413 -1.9333 1.0910 
10 0.9671 1.3294 -1.4182 1.0230 -1.2047 -2.0085 0.9553 
11 0.7017 1.0121 -1.0545 0.8963 -0.9774 -1.6225 0.6108 
12 0.6565 0.9413 -1.0124 0.8614 -0.9462 -1.5610 0.4425 
13 0.6460 0.9207 -1.0125 0.8620 -0.9512 -1.5631 0.3442 
14 0.6426 0.9139 -1.0125 0.8622 -0.9528 -1.5638 0.3104 
15 0.5999 0.8718 -0.9475 0.8554 -0.8725 -1.5645 0.2717 
16 0.6054 0.9137 -0.9541 0.9820 -0.8313 -1.8275 0.2856 
17 0.5882 0.9034 -0.9314 1.0113 -0.7922 -1.8942 0.2434 
18 0.6648 0.9755 -1.0810 1.0909 -0.9609 -2.0288 0.0927 
19 0.6003 0.8872 -0.9962 1.0198 -0.8842 -1.8998 -0.0601 
20 0.6158 0.8993 -1.0384 1.0563 -0.9286 -1.9676 -0.1647 
21 0.6273 0.9272 -1.0579 1.1215 -0.9285 -2.0999 -0.1811 
22 0.6767 0.9558 -1.1460 1.0993 -1.0530 -2.0335 -0.1841 
23 0.6658 0.9217 -1.0973 0.9355 -1.0466 -1.7002 0.0301 
24 0.4964 0.7313 -0.7589 0.6460 -0.7038 -1.1684 0.3578 
 
4.1.2 Voltage Results 
Table 4-2 below shows the change in bus voltages for buses near the study area due to the Project. The 
complete set of results for all the buses for both the before Project and after Project scenarios can be 
found in Appendix A.  
Table 4-3 Change in Bus Voltage 
Hour Bus 24 Bus 25 Bus 26 Bus 29 Bus 30 
1 0.0001 0.0001 0.0003 0.0002 0.0001 
2 0.0001 0.0001 0.0002 0.0002 0.0001 
3 0.0001 0.0001 0.0002 0.0001 0.0001 
4 0.0001 0.0001 0.0002 0.0002 0.0001 
5 0.0001 0.0001 0.0002 0.0002 0.0001 
6 0.0001 0.0001 0.0003 0.0003 0.0002 
7 0.0003 0.0003 0.0008 0.0007 0.0004 
8 0.0003 0.0003 0.0009 0.0007 0.0004 
9 0.0003 0.0003 0.0009 0.0007 0.0004 
10 0.0003 0.0003 0.0009 0.0008 0.0004 
11 0.0002 0.0002 0.0007 0.0006 0.0004 
12 0.0002 0.0002 0.0007 0.0006 0.0003 
13 0.0002 0.0002 0.0007 0.0006 0.0003 
14 0.0002 0.0002 0.0007 0.0006 0.0003 
15 0.0002 0.0002 0.0006 0.0006 0.0004 
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Hour Bus 24 Bus 25 Bus 26 Bus 29 Bus 30 
16 0.0002 0.0002 0.0006 0.0007 0.0004 
17 0.0002 0.0002 0.0006 0.0007 0.0004 
18 0.0002 0.0002 0.0007 0.0008 0.0005 
19 0.0002 0.0002 0.0006 0.0007 0.0004 
20 0.0002 0.0002 0.0007 0.0007 0.0004 
21 0.0002 0.0002 0.0007 0.0008 0.0005 
22 0.0002 0.0002 0.0008 0.0008 0.0005 
23 0.0002 0.0002 0.0007 0.0006 0.0004 
24 0.0002 0.0002 0.0005 0.0004 0.0003 
 
From the results it can be seen that the energy generated from regenerative braking did not have a 
significant impact on the surrounding electrical distribution network. However, if demand charge 
management is considered with energy storage, then it might have a significant impact.  
4.2 Benefits of Energy Storage to the Distribution Network 
This sub-section outlines some benefits of energy storage to the electrical utility system.   
4.2.1 Defer Distribution System Upgrades 
With an increase in the yearly peak load demand, the substation and distribution lines may require 
expensive upgrades. If the cost-benefits analysis allows, an ES system may be deployed to decrease the 
peak load demand and defer any immediate distribution system upgrades. An example is shown in Figure 
4-3 and Figure 4-4 below. 
Figure 4-3 An Example from MISO – Normal System 
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Figure 4-4 An Example from MISO – During A Line Outage 
 
4.2.2 Support DER Integration 
Integrating DERs can result in multiple grid issues requiring grid upgrades. Energy storage has been 
shown to be beneficial in mitigating the impacts of DERs by supporting applications such as load shifting 
to mitigate off-peak generation, voltage management to mitigate overvoltage concerns, and voltage 
control to mitigate DER variability as shown in Figure 4-5 below. 
Figure 4-5 Energy Storage Supporting DER Integration 
 
4.2.3 Congestion Relief 
Energy storage can adjust to relieve network contingencies and reduce risk of overloaded lines in peak 
hours, and can provide localized support to reduce the flow on system in peak hours. As shown in Figure 
4-6 below, energy storage placed downstream of congested element can reduce flows through element 
reducing congestion. 
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Figure 4-6 Energy Storage for Congestion Relief 
 
4.2.4 Frequency Regulation & Spinning Reserve 
Gap between power generation and usage can cause grid frequency to change. Keeping the frequency 
within a tight tolerance requires the amount of power produced at any given instant matches the demand. 
• Utilities are obliged to arrange for resources with the requisite operational flexibility to be 
available and under utility automatic generation control (AGC) at all times. 
• For a generation entity to provide this ancillary service, the generation must be committed (on-
line). This has significant opportunity or energy production cost implications. 
• Another related ancillary service that must be provided is spinning reserve –unloaded generation 
that synchronized and ready to serve load demand or contingency support within 10 minutes. 
The quick response and precise control offered by energy storage using FACTS technologies can be 
superior to the control capabilities of many conventional generators. Energy storage can be used to 
supplement both frequency regulation and spinning reserve functions and thereby allow more economic 
operation of the system. The improved economy may result from increased power output from economic 
on-line generation held back, or it may result in reduction of power output, by avoiding running 
generation that is otherwise uneconomic but committed to provide reserves. 
4.2.5 Peak Shaving 
Given the current price levels of battery technologies and the overall total system costs, it is presently 
very challenging to develop an economic justification for utilities to store energy utilizing. However, 
energy storage can help distribution utilities in decreasing the yearly cost of the electricity by 
participating in the electricity market. Energy storage can be programmed to charge and discharge as the 
electricity rates fluctuate, thus decreasing yearly electricity costs. 
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5.0 CONCLUSION 
Energy efficiency is an issue of growing relevance for the competitive position of railway companies. The 
reputation of railways as the transport mode with the least environmental impact could dwindle in the 
future, with negative consequences both for railways’ market share and for its standing in policy making. 
In addition, deregulation and privatization processes have increased the pressure on railway operators to 
be cost-effective and competitive within their networks. There is a widespread consensus among experts 
that the energy saving potential in railways is large. Most rail operators have launched initiatives to 
exploit this potential in one field or another. Systematic approaches are rare, and the knowledge transfer 
of technologies for energy efficiency and the measures to be taken are often limited. 
The technological improvements to rail vehicles will be rather incremental and require a long time for 
diffusion, but there are many promising short- and medium-term saving strategies aimed at optimized 
control and the use of present technologies or operational improvements. Many of these require only 
minor investments in new technologies and often rely on “soft” factors such as training programs. The 
enhanced use of energy efficient driving strategies and regenerative braking are among the most 
promising measures. From a long-term perspective, the introduction of innovative traction technologies, 
integration of energy efficiency targets into vehicle strategies, and optimization of railways as systems 
will yield considerable further progress toward energy-efficient (and cost-effective) railway operations. 
The creation of suitable framework conditions turns out to be as important as progress in research. This 
includes procurement strategies, along with well-defined financial interfaces between the functional 
divisions of railway companies. The payback and profitability strongly depend on scale effects reached 
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APPENDIX - A 
 
Pre‐Regen
Hour Bus 1 Bus 2 Bus 3 Bus 4 Bus 5 Bus 6 Bus 7 Bus 8 Bus 9 Bus 10 Bus 11 Bus 12 Bus 13 Bus 14 Bus 15 Bus 16 Bus 17 Bus 18 Bus 19 Bus 20 Bus 21 Bus 22 Bus 23 Bus 24 Bus 25 Bus 26 Bus 27 Bus 28 Bus 29 Bus 30
1 0.00 18.10 2.00 6.34 0.00 0.00 19.02 25.02 0.00 4.84 0.00 9.34 0.00 5.17 6.84 2.92 7.51 2.67 7.92 1.84 14.60 0.00 2.67 7.63 0.00 3.11 0.00 0.00 2.37 8.84
2 0.00 16.55 1.83 5.80 0.00 0.00 17.39 22.88 0.00 4.42 0.00 8.54 0.00 4.73 6.25 2.67 6.86 2.44 7.25 1.68 13.35 0.00 2.44 6.93 0.00 2.81 0.00 0.00 2.12 8.08
3 0.00 15.38 1.70 5.39 0.00 0.00 16.16 21.27 0.00 4.11 0.00 7.94 0.00 4.40 5.81 2.48 6.38 2.27 6.73 1.56 12.41 0.00 2.27 6.42 0.00 2.61 0.00 0.00 1.95 7.51
4 0.00 14.60 1.61 5.11 0.00 0.00 15.34 20.18 0.00 3.90 0.00 7.54 0.00 4.17 5.52 2.35 6.06 2.15 6.39 1.48 11.77 0.00 2.15 6.14 0.00 2.50 0.00 0.00 1.90 7.13
5 0.00 14.22 1.57 4.98 0.00 0.00 14.94 19.65 0.00 3.80 0.00 7.34 0.00 4.06 5.37 2.29 5.90 2.10 6.22 1.44 11.47 0.00 2.10 5.99 0.00 2.44 0.00 0.00 1.86 6.94
6 0.00 14.06 1.55 4.92 0.00 0.00 14.77 19.44 0.00 3.76 0.00 7.26 0.00 4.02 5.31 2.27 5.83 2.07 6.15 1.43 11.34 0.00 2.07 6.13 0.00 2.52 0.00 0.00 2.05 6.87
7 0.00 14.50 1.60 5.08 0.00 0.00 15.23 20.04 0.00 3.87 0.00 7.48 0.00 4.14 5.48 2.34 6.01 2.14 6.35 1.47 11.69 0.00 2.14 7.08 0.00 2.92 0.00 0.00 2.76 7.08
8 0.00 15.56 1.72 5.45 0.00 0.00 16.35 21.52 0.00 4.16 0.00 8.03 0.00 4.45 5.88 2.51 6.45 2.29 6.81 1.58 12.55 0.00 2.29 7.69 0.00 3.13 0.00 0.00 2.96 7.60
9 0.00 16.79 1.86 5.88 0.00 0.00 17.64 23.22 0.00 4.49 0.00 8.67 0.00 4.80 6.35 2.71 6.97 2.48 7.35 1.70 13.54 0.00 2.48 8.18 0.00 3.33 0.00 0.00 3.10 8.20
10 0.00 17.98 1.99 6.30 0.00 0.00 18.90 24.86 0.00 4.81 0.00 9.28 0.00 5.14 6.80 2.90 7.46 2.65 7.87 1.82 14.50 0.00 2.65 8.68 0.00 3.54 0.00 0.00 3.27 8.79
11 0.00 19.02 2.10 6.66 0.00 0.00 19.99 26.30 0.00 5.08 0.00 9.82 0.00 5.43 7.19 3.07 7.89 2.81 8.33 1.93 15.34 0.00 2.81 8.66 0.00 3.59 0.00 0.00 3.14 9.29
12 0.00 19.71 2.18 6.90 0.00 0.00 20.71 27.26 0.00 5.27 0.00 10.18 0.00 5.63 7.45 3.18 8.18 2.91 8.63 2.00 15.90 0.00 2.91 8.90 0.00 3.68 0.00 0.00 3.18 9.63
13 0.00 20.10 2.22 7.04 0.00 0.00 21.12 27.79 0.00 5.37 0.00 10.37 0.00 5.74 7.60 3.24 8.34 2.96 8.80 2.04 16.21 0.00 2.96 9.05 0.00 3.74 0.00 0.00 3.22 9.82
14 0.00 20.22 2.24 7.08 0.00 0.00 21.25 27.96 0.00 5.41 0.00 10.44 0.00 5.78 7.64 3.26 8.39 2.98 8.85 2.05 16.31 0.00 2.98 9.10 0.00 3.76 0.00 0.00 3.23 9.88
15 0.00 20.36 2.25 7.13 0.00 0.00 21.39 28.15 0.00 5.44 0.00 10.51 0.00 5.82 7.69 3.28 8.44 3.00 8.91 2.06 16.42 0.00 3.00 9.07 0.00 3.74 0.00 0.00 3.25 9.95
16 0.00 20.33 2.25 7.12 0.00 0.00 21.36 28.11 0.00 5.43 0.00 10.49 0.00 5.81 7.68 3.28 8.43 3.00 8.90 2.06 16.40 0.00 3.00 9.02 0.00 3.71 0.00 0.00 3.41 9.93
17 0.00 20.47 2.26 7.17 0.00 0.00 21.51 28.31 0.00 5.47 0.00 10.57 0.00 5.85 7.74 3.30 8.49 3.02 8.96 2.08 16.51 0.00 3.02 9.04 0.00 3.72 0.00 0.00 3.47 10.00
18 0.00 20.89 2.31 7.32 0.00 0.00 21.95 28.88 0.00 5.58 0.00 10.78 0.00 5.97 7.89 3.37 8.66 3.08 9.15 2.12 16.85 0.00 3.08 9.37 0.00 3.87 0.00 0.00 3.60 10.20
19 0.00 21.42 2.37 7.50 0.00 0.00 22.50 29.61 0.00 5.72 0.00 11.05 0.00 6.12 8.09 3.45 8.88 3.16 9.38 2.17 17.27 0.00 3.16 9.50 0.00 3.91 0.00 0.00 3.57 10.46
20 0.00 21.70 2.40 7.60 0.00 0.00 22.80 30.00 0.00 5.80 0.00 11.20 0.00 6.20 8.20 3.50 9.00 3.20 9.50 2.20 17.50 0.00 3.20 9.65 0.00 3.98 0.00 0.00 3.64 10.60
21 0.00 21.69 2.40 7.60 0.00 0.00 22.79 29.98 0.00 5.80 0.00 11.19 0.00 6.20 8.20 3.50 9.00 3.20 9.49 2.20 17.49 0.00 3.20 9.65 0.00 3.97 0.00 0.00 3.72 10.59
22 0.00 21.66 2.40 7.59 0.00 0.00 22.76 29.94 0.00 5.79 0.00 11.18 0.00 6.19 8.18 3.49 8.98 3.19 9.48 2.20 17.47 0.00 3.19 9.76 0.00 4.03 0.00 0.00 3.68 10.58
23 0.00 21.13 2.34 7.40 0.00 0.00 22.20 29.21 0.00 5.65 0.00 10.91 0.00 6.04 7.98 3.41 8.76 3.12 9.25 2.14 17.04 0.00 3.12 9.55 0.00 3.95 0.00 0.00 3.41 10.32
24 0.00 19.76 2.19 6.92 0.00 0.00 20.77 27.32 0.00 5.28 0.00 10.20 0.00 5.65 7.47 3.19 8.20 2.91 8.65 2.00 15.94 0.00 2.91 8.67 0.00 3.56 0.00 0.00 2.93 9.65
Post‐Regen
Hour Bus 1 Bus 2 Bus 3 Bus 4 Bus 5 Bus 6 Bus 7 Bus 8 Bus 9 Bus 10 Bus 11 Bus 12 Bus 13 Bus 14 Bus 15 Bus 16 Bus 17 Bus 18 Bus 19 Bus 20 Bus 21 Bus 22 Bus 23 Bus 24 Bus 25 Bus 26 Bus 27 Bus 28 Bus 29 Bus 30
1 0.00 18.10 2.00 6.34 0.00 0.00 19.02 25.02 0.00 4.84 0.00 9.34 0.00 5.17 6.84 2.92 7.51 2.67 7.92 1.84 14.60 0.00 2.67 7.50 0.00 3.04 0.00 0.00 2.24 8.84
2 0.00 16.55 1.83 5.80 0.00 0.00 17.39 22.88 0.00 4.42 0.00 8.54 0.00 4.73 6.25 2.67 6.86 2.44 7.25 1.68 13.35 0.00 2.44 6.82 0.00 2.76 0.00 0.00 2.02 8.08
3 0.00 15.38 1.70 5.39 0.00 0.00 16.16 21.27 0.00 4.11 0.00 7.94 0.00 4.40 5.81 2.48 6.38 2.27 6.73 1.56 12.41 0.00 2.27 6.33 0.00 2.56 0.00 0.00 1.86 7.51
4 0.00 14.60 1.61 5.11 0.00 0.00 15.34 20.18 0.00 3.90 0.00 7.54 0.00 4.17 5.52 2.35 6.06 2.15 6.39 1.48 11.77 0.00 2.15 6.04 0.00 2.45 0.00 0.00 1.80 7.13
5 0.00 14.22 1.57 4.98 0.00 0.00 14.94 19.65 0.00 3.80 0.00 7.34 0.00 4.06 5.37 2.29 5.90 2.10 6.22 1.44 11.47 0.00 2.10 5.89 0.00 2.39 0.00 0.00 1.76 6.94
6 0.00 14.06 1.55 4.92 0.00 0.00 14.77 19.44 0.00 3.76 0.00 7.26 0.00 4.02 5.31 2.27 5.83 2.07 6.15 1.43 11.34 0.00 2.07 5.96 0.00 2.43 0.00 0.00 1.88 6.87
7 0.00 14.50 1.60 5.08 0.00 0.00 15.23 20.04 0.00 3.87 0.00 7.48 0.00 4.14 5.48 2.34 6.01 2.14 6.35 1.47 11.69 0.00 2.14 6.63 0.00 2.72 0.00 0.00 2.36 7.08
8 0.00 15.56 1.72 5.45 0.00 0.00 16.35 21.52 0.00 4.16 0.00 8.03 0.00 4.45 5.88 2.51 6.45 2.29 6.81 1.58 12.55 0.00 2.29 7.18 0.00 2.91 0.00 0.00 2.53 7.60
9 0.00 16.79 1.86 5.88 0.00 0.00 17.64 23.22 0.00 4.49 0.00 8.67 0.00 4.80 6.35 2.71 6.97 2.48 7.35 1.70 13.54 0.00 2.48 7.68 0.00 3.11 0.00 0.00 2.67 8.20
10 0.00 17.98 1.99 6.30 0.00 0.00 18.90 24.86 0.00 4.81 0.00 9.28 0.00 5.14 6.80 2.90 7.46 2.65 7.87 1.82 14.50 0.00 2.65 8.17 0.00 3.32 0.00 0.00 2.82 8.79
11 0.00 19.02 2.10 6.66 0.00 0.00 19.99 26.30 0.00 5.08 0.00 9.82 0.00 5.43 7.19 3.07 7.89 2.81 8.33 1.93 15.34 0.00 2.81 8.30 0.00 3.40 0.00 0.00 2.78 9.29
12 0.00 19.71 2.18 6.90 0.00 0.00 20.71 27.26 0.00 5.27 0.00 10.18 0.00 5.63 7.45 3.18 8.18 2.91 8.63 2.00 15.90 0.00 2.91 8.55 0.00 3.50 0.00 0.00 2.83 9.63
13 0.00 20.10 2.22 7.04 0.00 0.00 21.12 27.79 0.00 5.37 0.00 10.37 0.00 5.74 7.60 3.24 8.34 2.96 8.80 2.04 16.21 0.00 2.96 8.70 0.00 3.57 0.00 0.00 2.87 9.82
14 0.00 20.22 2.24 7.08 0.00 0.00 21.25 27.96 0.00 5.41 0.00 10.44 0.00 5.78 7.64 3.26 8.39 2.98 8.85 2.05 16.31 0.00 2.98 8.75 0.00 3.59 0.00 0.00 2.88 9.88
15 0.00 20.36 2.25 7.13 0.00 0.00 21.39 28.15 0.00 5.44 0.00 10.51 0.00 5.82 7.69 3.28 8.44 3.00 8.91 2.06 16.42 0.00 3.00 8.76 0.00 3.58 0.00 0.00 2.90 9.95
16 0.00 20.33 2.25 7.12 0.00 0.00 21.36 28.11 0.00 5.43 0.00 10.49 0.00 5.81 7.68 3.28 8.43 3.00 8.90 2.06 16.40 0.00 3.00 8.72 0.00 3.56 0.00 0.00 3.00 9.93
17 0.00 20.47 2.26 7.17 0.00 0.00 21.51 28.31 0.00 5.47 0.00 10.57 0.00 5.85 7.74 3.30 8.49 3.02 8.96 2.08 16.51 0.00 3.02 8.75 0.00 3.57 0.00 0.00 3.05 10.00
18 0.00 20.89 2.31 7.32 0.00 0.00 21.95 28.88 0.00 5.58 0.00 10.78 0.00 5.97 7.89 3.37 8.66 3.08 9.15 2.12 16.85 0.00 3.08 9.02 0.00 3.69 0.00 0.00 3.15 10.20
19 0.00 21.42 2.37 7.50 0.00 0.00 22.50 29.61 0.00 5.72 0.00 11.05 0.00 6.12 8.09 3.45 8.88 3.16 9.38 2.17 17.27 0.00 3.16 9.18 0.00 3.75 0.00 0.00 3.15 10.46
20 0.00 21.70 2.40 7.60 0.00 0.00 22.80 30.00 0.00 5.80 0.00 11.20 0.00 6.20 8.20 3.50 9.00 3.20 9.50 2.20 17.50 0.00 3.20 9.32 0.00 3.81 0.00 0.00 3.21 10.60
21 0.00 21.69 2.40 7.60 0.00 0.00 22.79 29.98 0.00 5.80 0.00 11.19 0.00 6.20 8.20 3.50 9.00 3.20 9.49 2.20 17.49 0.00 3.20 9.31 0.00 3.81 0.00 0.00 3.26 10.59
22 0.00 21.66 2.40 7.59 0.00 0.00 22.76 29.94 0.00 5.79 0.00 11.18 0.00 6.19 8.18 3.49 8.98 3.19 9.48 2.20 17.47 0.00 3.19 9.38 0.00 3.84 0.00 0.00 3.23 10.58
23 0.00 21.13 2.34 7.40 0.00 0.00 22.20 29.21 0.00 5.65 0.00 10.91 0.00 6.04 7.98 3.41 8.76 3.12 9.25 2.14 17.04 0.00 3.12 9.17 0.00 3.76 0.00 0.00 3.04 10.32




Hour Bus 1 Bus 2 Bus 22 Bus 27 Bus 23 Bus 13
1 ‐5.19 60.97 21.59 26.91 19.20 37.00
2 ‐19.06 60.97 21.59 26.91 19.20 37.00
3 ‐29.37 60.97 21.59 26.91 19.20 37.00
4 ‐36.09 60.97 21.59 26.91 19.20 37.00
5 ‐39.42 60.97 21.59 26.91 19.20 37.00
6 ‐40.28 60.97 21.59 26.91 19.20 37.00
7 ‐34.73 60.97 21.59 26.91 19.20 37.00
8 ‐25.11 60.97 21.59 26.91 19.20 37.00
9 ‐14.31 60.97 21.59 26.91 19.20 37.00
10 ‐3.71 60.97 21.59 26.91 19.20 37.00
11 4.67 60.97 21.59 26.91 19.20 37.00
12 10.74 60.97 21.59 26.91 19.20 37.00
13 14.18 60.97 21.59 26.91 19.20 37.00
14 15.30 60.97 21.59 26.91 19.20 37.00
15 16.38 60.97 21.59 26.91 19.20 37.00
16 16.23 60.97 21.59 26.91 19.20 37.00
17 17.49 60.97 21.59 26.91 19.20 37.00
18 21.57 60.97 21.59 26.91 19.20 37.00
19 26.08 60.97 21.59 26.91 19.20 37.00
20 28.75 60.97 21.59 26.91 19.20 37.00
21 28.73 60.97 21.59 26.91 19.20 37.00
22 28.62 60.97 21.59 26.91 19.20 37.00
23 23.64 60.97 21.59 26.91 19.20 37.00
24 10.54 60.97 21.59 26.91 19.20 37.00
Post‐Regen
Hour Bus 1 Bus 2 Bus 22 Bus 27 Bus 23 Bus 13
1 ‐5.52 60.97 21.59 26.91 19.20 37.00
2 ‐19.32 60.97 21.59 26.91 19.20 37.00
3 ‐29.59 60.97 21.59 26.91 19.20 37.00
4 ‐36.34 60.97 21.59 26.91 19.20 37.00
5 ‐39.67 60.97 21.59 26.91 19.20 37.00
6 ‐40.71 60.97 21.59 26.91 19.20 37.00
7 ‐35.78 60.97 21.59 26.91 19.20 37.00
8 ‐26.28 60.97 21.59 26.91 19.20 37.00
9 ‐15.49 60.97 21.59 26.91 19.20 37.00
10 ‐4.92 60.97 21.59 26.91 19.20 37.00
11 3.74 60.97 21.59 26.91 19.20 37.00
12 9.84 60.97 21.59 26.91 19.20 37.00
13 13.28 60.97 21.59 26.91 19.20 37.00
14 14.40 60.97 21.59 26.91 19.20 37.00
15 15.52 60.97 21.59 26.91 19.20 37.00
16 15.33 60.97 21.59 26.91 19.20 37.00
17 16.61 60.97 21.59 26.91 19.20 37.00
18 20.56 60.97 21.59 26.91 19.20 37.00
19 25.15 60.97 21.59 26.91 19.20 37.00
20 27.78 60.97 21.59 26.91 19.20 37.00
21 27.73 60.97 21.59 26.91 19.20 37.00
22 27.56 60.97 21.59 26.91 19.20 37.00
23 22.65 60.97 21.59 26.91 19.20 37.00




Hour Bus 1 Bus 2 Bus 3 Bus 4 Bus 5 Bus 6 Bus 7 Bus 8 Bus 9 Bus 10 Bus 11 Bus 12 Bus 13 Bus 14 Bus 15 Bus 16 Bus 17 Bus 18 Bus 19 Bus 20 Bus 21 Bus 22 Bus 23 Bus 24 Bus 25 Bus 26 Bus 27 Bus 28 Bus 29 Bus 30
1 1.000 1.000 0.986 0.983 0.984 0.977 0.971 0.965 0.982 0.985 0.982 0.986 1.000 0.978 0.982 0.978 0.978 0.971 0.968 0.971 0.994 1.000 1.000 0.989 0.991 0.974 1.000 0.979 0.981 0.972
2 1.000 1.000 0.987 0.985 0.985 0.978 0.973 0.967 0.983 0.985 0.983 0.986 1.000 0.978 0.982 0.979 0.978 0.972 0.969 0.972 0.994 1.000 1.000 0.990 0.991 0.975 1.000 0.981 0.983 0.973
3 1.000 1.000 0.988 0.985 0.986 0.979 0.974 0.968 0.983 0.985 0.983 0.986 1.000 0.979 0.982 0.979 0.978 0.972 0.969 0.972 0.994 1.000 1.000 0.990 0.991 0.976 1.000 0.982 0.984 0.975
4 1.000 1.000 0.988 0.986 0.986 0.980 0.975 0.969 0.983 0.985 0.983 0.986 1.000 0.979 0.983 0.979 0.978 0.973 0.970 0.973 0.994 1.000 1.000 0.990 0.992 0.976 1.000 0.982 0.984 0.976
5 1.000 1.000 0.988 0.986 0.986 0.980 0.975 0.969 0.983 0.985 0.983 0.986 1.000 0.979 0.983 0.979 0.978 0.973 0.970 0.973 0.994 1.000 1.000 0.990 0.992 0.976 1.000 0.983 0.984 0.976
6 1.000 1.000 0.988 0.986 0.986 0.980 0.975 0.969 0.983 0.985 0.983 0.986 1.000 0.979 0.983 0.979 0.978 0.973 0.970 0.973 0.994 1.000 1.000 0.990 0.992 0.976 1.000 0.983 0.984 0.976
7 1.000 1.000 0.988 0.986 0.986 0.980 0.975 0.968 0.983 0.985 0.983 0.986 1.000 0.979 0.983 0.979 0.978 0.973 0.970 0.973 0.994 1.000 1.000 0.990 0.991 0.975 1.000 0.982 0.983 0.975
8 1.000 1.000 0.987 0.985 0.986 0.979 0.974 0.967 0.983 0.985 0.983 0.986 1.000 0.979 0.982 0.979 0.978 0.972 0.969 0.973 0.994 1.000 1.000 0.989 0.991 0.974 1.000 0.981 0.982 0.974
9 1.000 1.000 0.987 0.984 0.985 0.978 0.972 0.966 0.983 0.985 0.983 0.986 1.000 0.979 0.982 0.979 0.978 0.972 0.969 0.972 0.994 1.000 1.000 0.989 0.990 0.973 1.000 0.980 0.981 0.972
10 1.000 1.000 0.986 0.983 0.984 0.977 0.971 0.965 0.982 0.985 0.982 0.986 1.000 0.978 0.982 0.978 0.978 0.971 0.968 0.971 0.994 1.000 1.000 0.989 0.990 0.972 1.000 0.979 0.980 0.971
11 1.000 1.000 0.985 0.982 0.984 0.976 0.970 0.964 0.982 0.985 0.982 0.986 1.000 0.978 0.981 0.978 0.978 0.970 0.967 0.971 0.994 1.000 1.000 0.989 0.990 0.972 1.000 0.978 0.980 0.970
12 1.000 1.000 0.985 0.982 0.984 0.975 0.970 0.963 0.981 0.985 0.981 0.986 1.000 0.978 0.981 0.978 0.977 0.970 0.967 0.970 0.994 1.000 1.000 0.988 0.990 0.972 1.000 0.977 0.979 0.969
13 1.000 1.000 0.984 0.982 0.983 0.975 0.969 0.963 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.970 0.967 0.970 0.994 1.000 1.000 0.988 0.990 0.971 1.000 0.977 0.979 0.969
14 1.000 1.000 0.984 0.981 0.983 0.975 0.969 0.962 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.994 1.000 1.000 0.988 0.990 0.971 1.000 0.977 0.979 0.969
15 1.000 1.000 0.984 0.981 0.983 0.975 0.969 0.962 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.994 1.000 1.000 0.988 0.990 0.971 1.000 0.977 0.979 0.968
16 1.000 1.000 0.984 0.981 0.983 0.975 0.969 0.962 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.994 1.000 1.000 0.988 0.990 0.971 1.000 0.977 0.979 0.968
17 1.000 1.000 0.984 0.981 0.983 0.975 0.969 0.962 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.994 1.000 1.000 0.988 0.990 0.971 1.000 0.976 0.978 0.968
18 1.000 1.000 0.984 0.981 0.983 0.974 0.968 0.962 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.993 1.000 1.000 0.988 0.990 0.971 1.000 0.976 0.978 0.968
19 1.000 1.000 0.983 0.980 0.983 0.974 0.968 0.961 0.981 0.985 0.981 0.986 1.000 0.977 0.980 0.978 0.977 0.969 0.966 0.969 0.993 1.000 1.000 0.988 0.990 0.971 1.000 0.975 0.978 0.967
20 1.000 1.000 0.983 0.980 0.982 0.973 0.967 0.961 0.981 0.985 0.981 0.986 1.000 0.977 0.980 0.978 0.977 0.969 0.965 0.969 0.993 1.000 1.000 0.988 0.990 0.970 1.000 0.975 0.977 0.967
21 1.000 1.000 0.983 0.980 0.982 0.973 0.967 0.961 0.981 0.985 0.981 0.986 1.000 0.977 0.980 0.978 0.977 0.969 0.965 0.969 0.993 1.000 1.000 0.988 0.990 0.970 1.000 0.975 0.977 0.967
22 1.000 1.000 0.983 0.980 0.982 0.973 0.967 0.961 0.981 0.985 0.981 0.986 1.000 0.977 0.980 0.978 0.977 0.969 0.965 0.969 0.993 1.000 1.000 0.988 0.990 0.970 1.000 0.975 0.977 0.967
23 1.000 1.000 0.984 0.981 0.983 0.974 0.968 0.961 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.993 1.000 1.000 0.988 0.990 0.970 1.000 0.976 0.978 0.967
24 1.000 1.000 0.985 0.982 0.984 0.975 0.970 0.963 0.981 0.985 0.981 0.986 1.000 0.978 0.981 0.978 0.977 0.970 0.967 0.970 0.994 1.000 1.000 0.989 0.990 0.972 1.000 0.977 0.980 0.969
Post‐Regen
Hour Bus 1 Bus 2 Bus 3 Bus 4 Bus 5 Bus 6 Bus 7 Bus 8 Bus 9 Bus 10 Bus 11 Bus 12 Bus 13 Bus 14 Bus 15 Bus 16 Bus 17 Bus 18 Bus 19 Bus 20 Bus 21 Bus 22 Bus 23 Bus 24 Bus 25 Bus 26 Bus 27 Bus 28 Bus 29 Bus 30
1 1.000 1.000 0.986 0.983 0.984 0.977 0.971 0.965 0.982 0.985 0.982 0.986 1.000 0.978 0.981 0.978 0.978 0.971 0.968 0.971 0.994 1.000 1.000 0.989 0.991 0.974 1.000 0.979 0.982 0.972
2 1.000 1.000 0.987 0.985 0.985 0.978 0.973 0.967 0.983 0.985 0.983 0.986 1.000 0.978 0.982 0.979 0.978 0.972 0.969 0.972 0.994 1.000 1.000 0.990 0.991 0.975 1.000 0.981 0.983 0.974
3 1.000 1.000 0.988 0.985 0.986 0.979 0.974 0.968 0.983 0.985 0.983 0.986 1.000 0.979 0.982 0.979 0.978 0.972 0.969 0.972 0.994 1.000 1.000 0.990 0.991 0.976 1.000 0.982 0.984 0.975
4 1.000 1.000 0.988 0.986 0.986 0.980 0.975 0.969 0.983 0.985 0.983 0.986 1.000 0.979 0.983 0.979 0.978 0.973 0.970 0.973 0.994 1.000 1.000 0.990 0.992 0.976 1.000 0.982 0.984 0.976
5 1.000 1.000 0.988 0.986 0.986 0.980 0.975 0.969 0.983 0.985 0.983 0.986 1.000 0.979 0.983 0.979 0.978 0.973 0.970 0.973 0.994 1.000 1.000 0.990 0.992 0.977 1.000 0.983 0.984 0.976
6 1.000 1.000 0.988 0.986 0.986 0.980 0.975 0.969 0.983 0.985 0.983 0.986 1.000 0.979 0.983 0.979 0.978 0.973 0.970 0.973 0.994 1.000 1.000 0.990 0.992 0.977 1.000 0.983 0.984 0.976
7 1.000 1.000 0.988 0.986 0.986 0.980 0.975 0.969 0.983 0.985 0.983 0.986 1.000 0.979 0.983 0.979 0.978 0.973 0.970 0.973 0.994 1.000 1.000 0.990 0.991 0.975 1.000 0.982 0.983 0.975
8 1.000 1.000 0.988 0.985 0.986 0.979 0.974 0.967 0.983 0.985 0.983 0.986 1.000 0.979 0.982 0.979 0.978 0.972 0.969 0.972 0.994 1.000 1.000 0.990 0.991 0.975 1.000 0.981 0.983 0.974
9 1.000 1.000 0.987 0.984 0.985 0.978 0.972 0.966 0.983 0.985 0.983 0.986 1.000 0.979 0.982 0.979 0.978 0.971 0.969 0.972 0.994 1.000 1.000 0.989 0.991 0.974 1.000 0.980 0.982 0.973
10 1.000 1.000 0.986 0.983 0.984 0.977 0.971 0.965 0.982 0.985 0.982 0.986 1.000 0.978 0.982 0.978 0.978 0.971 0.968 0.971 0.994 1.000 1.000 0.989 0.990 0.973 1.000 0.979 0.981 0.971
11 1.000 1.000 0.985 0.983 0.984 0.976 0.970 0.964 0.982 0.985 0.982 0.986 1.000 0.978 0.981 0.978 0.978 0.970 0.967 0.971 0.994 1.000 1.000 0.989 0.990 0.973 1.000 0.978 0.980 0.970
12 1.000 1.000 0.985 0.982 0.984 0.975 0.970 0.963 0.981 0.985 0.981 0.986 1.000 0.978 0.981 0.978 0.977 0.970 0.967 0.970 0.994 1.000 1.000 0.989 0.990 0.972 1.000 0.977 0.980 0.970
13 1.000 1.000 0.984 0.982 0.983 0.975 0.969 0.963 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.970 0.966 0.970 0.994 1.000 1.000 0.989 0.990 0.972 1.000 0.977 0.980 0.969
14 1.000 1.000 0.984 0.982 0.983 0.975 0.969 0.963 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.994 1.000 1.000 0.989 0.990 0.972 1.000 0.977 0.980 0.969
15 1.000 1.000 0.984 0.981 0.983 0.975 0.969 0.962 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.994 1.000 1.000 0.989 0.990 0.972 1.000 0.977 0.979 0.969
16 1.000 1.000 0.984 0.981 0.983 0.975 0.969 0.962 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.994 1.000 1.000 0.989 0.990 0.972 1.000 0.977 0.979 0.969
17 1.000 1.000 0.984 0.981 0.983 0.975 0.969 0.962 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.994 1.000 1.000 0.989 0.990 0.972 1.000 0.977 0.979 0.969
18 1.000 1.000 0.984 0.981 0.983 0.974 0.968 0.962 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.993 1.000 1.000 0.988 0.990 0.971 1.000 0.976 0.979 0.968
19 1.000 1.000 0.983 0.980 0.983 0.974 0.968 0.961 0.981 0.985 0.981 0.986 1.000 0.977 0.980 0.978 0.977 0.969 0.966 0.969 0.993 1.000 1.000 0.988 0.990 0.971 1.000 0.976 0.978 0.967
20 1.000 1.000 0.983 0.980 0.983 0.973 0.968 0.961 0.981 0.985 0.981 0.986 1.000 0.977 0.980 0.978 0.977 0.969 0.965 0.969 0.993 1.000 1.000 0.988 0.990 0.971 1.000 0.975 0.978 0.967
21 1.000 1.000 0.983 0.980 0.983 0.973 0.968 0.961 0.981 0.985 0.981 0.986 1.000 0.977 0.980 0.978 0.977 0.969 0.965 0.969 0.993 1.000 1.000 0.988 0.990 0.971 1.000 0.975 0.978 0.967
22 1.000 1.000 0.983 0.980 0.983 0.973 0.968 0.961 0.981 0.985 0.981 0.986 1.000 0.977 0.980 0.978 0.977 0.969 0.965 0.969 0.993 1.000 1.000 0.988 0.990 0.971 1.000 0.975 0.978 0.967
23 1.000 1.000 0.984 0.981 0.983 0.974 0.968 0.962 0.981 0.985 0.981 0.986 1.000 0.977 0.981 0.978 0.977 0.969 0.966 0.970 0.993 1.000 1.000 0.988 0.990 0.971 1.000 0.976 0.979 0.968




Hour Bus 1 ‐ 2 Bus 1 ‐ 3 Bus 2 ‐ 4 Bus 3 ‐ 4 Bus 2 ‐ 5 Bus 2 ‐ 6 Bus 4 ‐ 6 Bus 5 ‐ 7 Bus 6 ‐ 7 Bus 6 ‐ 8 Bus 6 ‐ 9 Bus 6 ‐ 10 Bus 9 ‐ 11 Bus 9 ‐ 10 Bus 4 ‐ 12 Bus 12 ‐ 13 Bus 12 ‐ 14 Bus 12 ‐ 15 Bus 12 ‐ 16 Bus 14 ‐ 15 Bus 16 ‐ 17 Bus 15 ‐ 18 Bus 18 ‐ 19 Bus 19 ‐ 20 Bus 10 ‐ 20 Bus 10 ‐ 17 Bus 10 ‐ 21 Bus 10 ‐ 22 Bus 21 ‐ 22 Bus 15 ‐ 23 Bus 22 ‐ 24 Bus 23 ‐ 24 Bus 24 ‐ 25 Bus 25 ‐ 26 Bus 25 ‐ 27 Bus 28 ‐ 27 Bus 27 ‐ 29 Bus 27 ‐ 30 Bus 29 ‐ 30 Bus 8 ‐ 28 Bus 6 ‐ 28
1 7.90 5.45 17.58 4.95 8.20 23.05 21.06 16.46 7.64 98.17 4.06 4.71 0.00 4.08 12.54 58.60 13.60 21.72 26.17 7.24 35.83 52.23 34.91 13.91 19.49 25.51 35.87 28.47 90.96 63.92 51.52 45.12 22.27 24.58 40.59 15.82 35.26 38.97 18.86 25.12 14.13
2 15.44 4.43 14.24 5.09 6.96 19.09 18.50 14.48 7.73 94.07 3.41 3.96 0.00 3.42 16.95 58.60 12.08 18.00 24.91 7.37 34.83 49.99 34.13 13.05 17.98 24.94 36.30 28.64 89.77 64.63 52.88 44.63 21.08 23.09 37.76 17.65 32.17 35.66 17.37 25.03 17.73
3 21.06 5.37 12.11 6.48 6.10 16.60 16.96 13.15 7.79 91.21 4.74 5.50 0.00 4.76 20.29 58.60 10.97 15.24 23.96 7.50 34.09 48.30 33.54 12.52 16.96 24.58 36.93 28.87 88.91 65.22 53.91 44.34 20.14 22.07 35.67 19.07 29.97 33.23 16.21 24.95 20.71
4 24.74 6.52 10.99 7.72 5.58 15.30 16.17 12.37 7.82 89.43 6.01 6.98 0.00 6.03 22.48 58.61 10.25 13.49 23.35 7.58 33.64 47.17 33.15 12.23 16.34 24.37 37.45 29.05 88.30 65.51 54.39 44.35 19.34 21.57 34.36 19.94 28.79 31.72 15.32 24.87 22.60
5 26.56 7.18 10.54 8.38 5.33 14.77 15.86 12.02 7.84 88.59 6.70 7.78 0.00 6.72 23.56 58.61 9.90 12.61 23.04 7.63 33.41 46.61 32.96 12.11 16.06 24.28 37.76 29.15 88.02 65.70 54.70 44.30 18.99 21.27 33.70 20.41 28.14 30.96 14.92 24.84 23.60
6 27.04 7.35 10.43 8.55 5.27 14.65 15.80 11.92 7.80 88.32 6.85 7.96 0.00 6.87 23.84 58.60 9.79 12.48 22.98 7.57 33.44 46.38 32.87 12.06 15.95 24.26 37.72 29.10 87.72 65.31 54.08 44.88 18.34 21.64 33.70 20.26 28.76 31.01 14.40 24.74 23.44
7 24.03 6.23 11.22 7.40 5.67 15.58 16.41 12.49 7.61 89.50 5.60 6.50 0.00 5.62 21.98 58.57 10.34 14.29 23.55 7.26 34.18 46.97 33.06 12.20 16.27 24.41 36.85 28.64 87.39 63.48 51.32 47.03 17.25 23.61 35.44 18.60 32.41 33.06 13.70 24.48 20.42
8 18.78 4.79 13.00 5.76 6.44 17.66 17.69 13.65 7.53 92.02 3.95 4.58 0.00 3.96 18.84 58.56 11.38 16.93 24.45 7.12 34.92 48.51 33.59 12.61 17.13 24.70 36.14 28.37 88.07 62.72 50.21 47.60 18.13 24.71 37.51 17.19 34.65 35.36 14.67 24.52 17.51
9 12.89 4.49 15.41 4.75 7.37 20.51 19.49 15.11 7.48 95.08 3.32 3.85 0.00 3.33 15.37 58.56 12.56 19.81 25.43 7.04 35.67 50.29 34.20 13.19 18.23 25.07 35.71 28.22 89.04 62.29 49.46 47.79 19.23 25.75 39.64 15.82 36.82 37.87 15.95 24.62 14.71
10 7.15 5.69 18.05 5.09 8.32 23.65 21.54 16.66 7.42 98.26 4.42 5.13 0.00 4.44 12.03 58.56 13.72 22.65 26.40 6.98 36.43 52.01 34.80 13.86 19.39 25.50 35.57 28.16 90.01 61.91 48.71 48.06 20.16 26.89 41.75 14.55 39.12 40.38 17.13 24.71 12.33
11 2.71 7.25 20.21 6.15 9.10 26.23 23.25 17.96 7.44 101.03 5.86 6.80 0.00 5.90 9.49 58.58 14.66 24.68 27.12 7.05 36.84 53.54 35.34 14.51 20.47 25.90 35.76 28.29 91.21 62.38 49.03 47.20 21.45 27.13 43.02 13.96 39.85 42.07 18.66 24.91 11.31
12 1.38 8.53 21.83 7.19 9.67 28.19 24.57 18.92 7.42 103.00 7.09 8.23 0.00 7.14 7.69 58.59 15.33 26.27 27.67 7.06 37.25 54.54 35.69 14.98 21.22 26.20 35.95 28.36 91.87 62.35 48.78 47.19 22.17 27.62 44.19 13.41 40.90 43.42 19.47 24.99 10.65
13 2.92 9.30 22.77 7.84 10.00 29.32 25.35 19.47 7.40 104.13 7.82 9.07 0.00 7.87 6.72 58.60 15.72 27.19 27.98 7.06 37.49 55.10 35.89 15.25 21.65 26.38 36.09 28.40 92.22 62.30 48.59 47.26 22.52 27.96 44.88 13.09 41.59 44.22 19.88 25.02 10.40
14 3.49 9.55 23.07 8.06 10.11 29.69 25.60 19.65 7.40 104.50 8.06 9.35 0.00 8.11 6.41 58.60 15.84 27.48 28.08 7.06 37.57 55.29 35.95 15.34 21.79 26.44 36.14 28.42 92.33 62.29 48.53 47.28 22.63 28.08 45.10 13.00 41.82 44.48 20.01 25.03 10.35
15 4.06 9.80 23.36 8.27 10.21 30.04 25.85 19.83 7.40 104.89 8.27 9.60 0.00 8.33 6.13 58.60 15.96 27.73 28.17 7.08 37.61 55.49 36.02 15.44 21.94 26.50 36.20 28.45 92.51 62.39 48.59 47.12 22.77 27.97 45.09 12.93 42.06 44.76 20.15 25.06 10.32
16 3.98 9.76 23.32 8.24 10.20 30.00 25.83 19.80 7.40 104.84 8.22 9.54 0.00 8.28 6.19 58.60 15.93 27.67 28.15 7.08 37.61 55.45 36.01 15.42 21.91 26.48 36.20 28.45 92.49 62.38 48.49 47.13 22.38 27.83 44.62 12.85 42.75 45.00 19.83 25.02 10.27
17 4.65 10.05 23.67 8.49 10.32 30.42 26.13 20.01 7.39 105.28 8.48 9.85 0.00 8.54 5.87 58.61 16.07 27.99 28.26 7.08 37.69 55.66 36.09 15.52 22.07 26.55 36.27 28.48 92.64 62.40 48.43 47.09 22.43 27.84 44.67 12.73 43.20 45.38 19.91 25.03 10.24
18 6.82 11.00 24.81 9.33 10.71 31.81 27.10 20.67 7.34 106.59 9.41 10.92 0.00 9.47 4.87 58.61 16.52 29.16 28.65 7.07 38.04 56.26 36.29 15.84 22.55 26.75 36.50 28.53 92.92 62.11 47.92 47.59 22.57 28.67 45.76 12.30 44.32 46.39 20.20 25.02 10.25
19 9.26 12.06 26.06 10.28 11.14 33.33 28.15 21.41 7.34 108.16 10.39 12.06 0.00 10.47 3.98 58.62 17.03 30.31 29.04 7.11 38.32 57.02 36.56 16.24 23.16 27.01 36.82 28.65 93.48 62.24 47.89 47.45 23.25 28.91 46.60 12.06 44.90 47.34 20.91 25.10 10.51
20 10.70 12.70 26.81 10.86 11.40 34.25 28.79 21.86 7.31 109.06 10.99 12.76 0.00 11.07 3.64 58.63 17.32 31.04 29.29 7.12 38.53 57.44 36.70 16.46 23.49 27.16 37.03 28.71 93.73 62.17 47.68 47.62 23.40 29.28 47.16 11.85 45.60 48.01 21.14 25.10 10.76
21 10.69 12.70 26.81 10.86 11.40 34.25 28.80 21.85 7.31 109.05 10.98 12.75 0.00 11.07 3.65 58.62 17.32 31.04 29.29 7.12 38.53 57.42 36.69 16.45 23.48 27.15 37.03 28.71 93.71 62.14 47.60 47.67 23.21 29.27 46.98 11.81 45.95 48.14 20.98 25.08 10.78
22 10.62 12.67 26.78 10.84 11.39 34.21 28.78 21.83 7.30 108.97 10.99 12.75 0.00 11.07 3.66 58.62 17.31 31.06 29.29 7.10 38.57 57.37 36.67 16.43 23.44 27.14 37.01 28.69 93.61 61.99 47.50 47.92 23.24 29.59 47.38 11.80 45.71 48.00 21.02 25.07 10.77
23 7.93 11.49 25.38 9.77 10.90 32.50 27.56 21.01 7.34 107.27 9.89 11.48 0.00 9.96 4.40 58.61 16.76 29.74 28.84 7.08 38.19 56.60 36.40 16.02 22.83 26.87 36.63 28.57 93.12 62.08 47.92 47.68 23.23 29.12 46.81 12.25 43.82 46.51 20.82 25.08 10.35
24 1.32 8.48 21.75 7.14 9.66 28.08 24.47 18.89 7.48 103.03 7.01 8.13 0.00 7.05 7.75 58.60 15.32 26.09 27.63 7.11 37.11 54.63 35.73 15.01 21.27 26.22 35.98 28.42 92.11 62.81 49.42 46.48 22.83 26.99 43.98 13.70 39.88 43.07 19.96 25.10 10.91
Post‐Regen
Hour Bus 1 ‐ 2 Bus 1 ‐ 3 Bus 2 ‐ 4 Bus 3 ‐ 4 Bus 2 ‐ 5 Bus 2 ‐ 6 Bus 4 ‐ 6 Bus 5 ‐ 7 Bus 6 ‐ 7 Bus 6 ‐ 8 Bus 6 ‐ 9 Bus 6 ‐ 10 Bus 9 ‐ 11 Bus 9 ‐ 10 Bus 4 ‐ 12 Bus 12 ‐ 13 Bus 12 ‐ 14 Bus 12 ‐ 15 Bus 12 ‐ 16 Bus 14 ‐ 15 Bus 16 ‐ 17 Bus 15 ‐ 18 Bus 18 ‐ 19 Bus 19 ‐ 20 Bus 10 ‐ 20 Bus 10 ‐ 17 Bus 10 ‐ 21 Bus 10 ‐ 22 Bus 21 ‐ 22 Bus 15 ‐ 23 Bus 22 ‐ 24 Bus 23 ‐ 24 Bus 24 ‐ 25 Bus 25 ‐ 26 Bus 25 ‐ 27 Bus 28 ‐ 27 Bus 27 ‐ 29 Bus 27 ‐ 30 Bus 29 ‐ 30 Bus 8 ‐ 28 Bus 6 ‐ 28
1 8.08 5.40 17.48 4.93 8.17 22.93 20.97 16.42 7.67 98.11 4.00 4.64 0.00 4.02 12.65 58.60 13.57 21.57 26.13 7.27 35.75 52.23 34.91 13.91 19.49 25.51 35.92 28.51 91.07 64.19 51.94 44.74 22.59 24.24 40.43 16.02 34.68 38.74 19.09 25.18 14.42
2 15.57 4.44 14.18 5.12 6.94 19.01 18.45 14.45 7.75 94.03 3.43 3.98 0.00 3.44 17.04 58.60 12.06 17.88 24.87 7.40 34.76 49.99 34.13 13.05 17.98 24.94 36.35 28.68 89.86 64.85 53.22 44.34 21.33 22.84 37.63 17.81 31.73 35.48 17.55 25.07 18.00
3 21.18 5.41 12.07 6.53 6.08 16.54 16.92 13.13 7.81 91.18 4.79 5.56 0.00 4.80 20.36 58.61 10.95 15.14 23.93 7.53 34.03 48.30 33.55 12.52 16.96 24.57 36.99 28.91 88.99 65.41 54.22 44.09 20.35 21.86 35.56 19.21 29.59 33.07 16.37 24.99 20.95
4 24.87 6.58 10.95 7.77 5.56 15.25 16.14 12.35 7.84 89.40 6.08 7.05 0.00 6.10 22.56 58.61 10.23 13.37 23.32 7.62 33.57 47.17 33.15 12.23 16.34 24.36 37.53 29.09 88.39 65.74 54.75 44.06 19.59 21.33 34.23 20.11 28.35 31.55 15.50 24.92 22.88
5 26.69 7.24 10.51 8.44 5.31 14.73 15.83 11.99 7.86 88.56 6.77 7.86 0.00 6.79 23.65 58.62 9.88 12.50 23.01 7.67 33.34 46.62 32.96 12.11 16.06 24.27 37.84 29.20 88.12 65.93 55.07 44.01 19.24 21.04 33.57 20.58 27.70 30.78 15.10 24.89 23.89
6 27.27 7.45 10.38 8.65 5.24 14.59 15.75 11.89 7.84 88.26 6.97 8.09 0.00 6.99 23.99 58.61 9.76 12.29 22.93 7.64 33.33 46.38 32.88 12.06 15.94 24.24 37.86 29.18 87.88 65.71 54.71 44.37 18.77 21.23 33.47 20.55 28.01 30.70 14.70 24.81 23.93
7 24.59 6.44 11.04 7.62 5.59 15.37 16.25 12.39 7.71 89.36 5.87 6.82 0.00 5.89 22.35 58.59 10.25 13.81 23.42 7.41 33.90 46.99 33.07 12.20 16.27 24.38 37.15 28.84 87.77 64.43 52.73 45.79 18.19 22.60 34.87 19.28 30.63 32.34 14.40 24.66 21.56
8 19.40 4.94 12.74 5.95 6.34 17.34 17.46 13.52 7.64 91.85 4.16 4.83 0.00 4.17 19.24 58.58 11.27 16.38 24.30 7.27 34.61 48.53 33.61 12.60 17.12 24.67 36.42 28.56 88.48 63.75 51.67 46.22 19.10 23.59 36.86 17.91 32.73 34.58 15.42 24.71 18.69
9 13.51 4.44 15.10 4.81 7.27 20.12 19.20 14.96 7.59 94.90 3.28 3.81 0.00 3.30 15.77 58.58 12.45 19.25 25.29 7.17 35.36 50.31 34.22 13.18 18.22 25.05 35.92 28.39 89.45 63.28 50.84 46.40 20.20 24.61 39.00 16.52 34.89 37.08 16.71 24.82 15.80
10 7.78 5.49 17.69 4.98 8.22 23.20 21.21 16.49 7.53 98.06 4.17 4.84 0.00 4.19 12.43 58.58 13.61 22.07 26.25 7.10 36.11 52.04 34.82 13.85 19.38 25.48 35.71 28.31 90.42 62.88 50.04 46.65 21.18 25.69 41.10 15.22 37.11 39.57 17.92 24.90 13.29
11 3.16 7.05 19.92 6.00 9.02 25.87 22.97 17.82 7.53 100.86 5.63 6.53 0.00 5.66 9.78 58.60 14.57 24.25 27.01 7.13 36.60 53.55 35.36 14.50 20.46 25.89 35.82 28.38 91.50 63.09 50.04 46.14 22.35 26.15 42.58 14.47 38.23 41.41 19.30 25.07 11.92
12 1.15 8.33 21.55 7.01 9.59 27.84 24.30 18.78 7.50 102.84 6.85 7.95 0.00 6.89 7.96 58.60 15.25 25.86 27.56 7.13 37.02 54.56 35.71 14.98 21.21 26.20 35.97 28.43 92.14 63.01 49.72 46.18 23.04 26.68 43.78 13.87 39.34 42.79 20.08 25.14 11.09
13 2.49 9.09 22.48 7.65 9.92 28.96 25.07 19.33 7.48 103.97 7.57 8.79 0.00 7.62 6.97 58.61 15.63 26.77 27.87 7.13 37.26 55.12 35.90 15.25 21.64 26.38 36.10 28.47 92.49 62.95 49.51 46.25 23.38 27.01 44.47 13.54 40.03 43.59 20.49 25.17 10.75
14 3.05 9.34 22.79 7.86 10.02 29.33 25.32 19.51 7.48 104.34 7.81 9.06 0.00 7.86 6.66 58.61 15.76 27.07 27.97 7.13 37.34 55.30 35.97 15.34 21.78 26.43 36.14 28.49 92.61 62.93 49.44 46.27 23.49 27.12 44.69 13.44 40.25 43.85 20.62 25.18 10.66
15 3.63 9.59 23.09 8.08 10.13 29.70 25.57 19.69 7.48 104.73 8.04 9.33 0.00 8.09 6.36 58.61 15.88 27.34 28.07 7.14 37.40 55.50 36.04 15.44 21.93 26.50 36.20 28.51 92.76 62.99 49.46 46.17 23.63 27.09 44.77 13.35 40.50 44.13 20.77 25.20 10.59
16 3.53 9.55 23.04 8.05 10.11 29.64 25.54 19.66 7.48 104.67 7.98 9.27 0.00 8.04 6.42 58.61 15.85 27.28 28.05 7.14 37.39 55.46 36.02 15.41 21.90 26.48 36.19 28.51 92.74 62.98 49.40 46.18 23.36 27.00 44.44 13.31 40.93 44.26 20.55 25.18 10.56
17 4.19 9.84 23.39 8.30 10.23 30.07 25.84 19.87 7.47 105.10 8.25 9.58 0.00 8.31 6.09 58.62 15.99 27.61 28.16 7.14 37.47 55.67 36.10 15.52 22.06 26.55 36.26 28.53 92.89 62.99 49.34 46.16 23.44 27.05 44.57 13.19 41.31 44.61 20.65 25.19 10.48
18 6.29 10.75 24.49 9.10 10.61 31.40 26.77 20.51 7.43 106.39 9.13 10.60 0.00 9.20 5.08 58.62 16.43 28.71 28.52 7.13 37.79 56.27 36.30 15.83 22.54 26.75 36.46 28.58 93.20 62.78 48.90 46.51 23.67 27.71 45.53 12.78 42.29 45.57 21.00 25.19 10.34
19 8.76 11.83 25.76 10.07 11.05 32.94 27.83 21.26 7.42 107.97 10.13 11.76 0.00 10.21 4.12 58.63 16.94 29.90 28.93 7.16 38.09 57.04 36.57 16.23 23.15 27.02 36.76 28.69 93.74 62.84 48.78 46.45 24.27 28.03 46.41 12.47 43.00 46.57 21.65 25.26 10.45
20 10.19 12.46 26.49 10.63 11.31 33.84 28.46 21.70 7.40 108.86 10.72 12.45 0.00 10.80 3.73 58.64 17.23 30.61 29.17 7.17 38.29 57.45 36.71 16.45 23.49 27.16 36.95 28.75 93.99 62.79 48.58 46.58 24.46 28.35 46.95 12.26 43.63 47.21 21.91 25.27 10.60
21 10.16 12.45 26.48 10.62 11.30 33.83 28.46 21.69 7.40 108.84 10.71 12.43 0.00 10.79 3.74 58.64 17.22 30.60 29.17 7.16 38.29 57.43 36.71 16.44 23.47 27.16 36.95 28.75 93.98 62.77 48.53 46.61 24.33 28.34 46.83 12.23 43.85 47.28 21.80 25.26 10.60
22 10.06 12.41 26.44 10.59 11.28 33.78 28.42 21.66 7.39 108.76 10.69 12.41 0.00 10.77 3.75 58.63 17.21 30.59 29.16 7.15 38.30 57.39 36.69 16.42 23.44 27.14 36.93 28.73 93.90 62.67 48.46 46.77 24.34 28.54 47.07 12.23 43.68 47.17 21.82 25.25 10.59
23 7.42 11.24 25.07 9.54 10.81 32.10 27.24 20.85 7.43 107.09 9.61 11.16 0.00 9.68 4.60 58.62 16.67 29.29 28.72 7.14 37.94 56.61 36.42 16.01 22.82 26.87 36.58 28.62 93.41 62.75 48.84 46.59 24.17 28.07 46.37 12.67 42.12 45.82 21.49 25.24 10.38
24 1.16 8.33 21.54 7.01 9.60 27.82 24.27 18.79 7.54 102.91 6.83 7.92 0.00 6.87 7.95 58.61 15.26 25.78 27.55 7.16 36.94 54.64 35.74 15.01 21.27 26.22 36.00 28.47 92.32 63.31 50.15 45.72 23.48 26.29 43.68 14.05 38.71 42.60 20.42 25.21 11.27
Branch Loading (%)
Branch Loading (%)
